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(57) A thin-film solar cell (300) including a substrate
(310), a first conductive layer (320), a plurality of photo-
voltaic layers (332,334), a second conductive layer (340),
a first passivation layer (352) and a second passivation
layer (354) is provided. The first conductive layer (320)
is disposed on the substrate (310). The photovoltaic lay-
ers (332,334) are stacked on the first conductive layer
and in electrical tandem, wherein each photovoltaic layer
is adapted for generating a photocurrent. The second

Thin film solar cell and manufacturing method thereof

conductive layer (340) is disposed on the photovoltaic
layers. The first passivation layer (352) is disposed on
the second conductive layer, and the second passivation
layer (354) is disposed on the first passivation layer. The
first and second passivation layers (352,354) are used
for reflecting the light within a wavelength range into the
photovoltaic layers, so as to make the photocurrent gen-
erated by the photovoltaic layers being matched. A man-
ufacturing method of the thin-film solar cell is also pro-
vided,
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentinvention relates to a solar cell and
a manufacturing method thereof, and more particularly,
to a thin-film solar cell with improved photoelectric con-
version efficiency and a manufacturing method thereof.

Descriptions of the Related Art

[0002] With rising of the environmental protection
awareness, the concept of "energy saving and carbon
dioxide emission reduction." is gradually receiving more
and more attention. Accordingly, exploitation and use of
renewable energy sources have become a focus of de-
velopment all over the world. Among the renewable en-
ergy sources, solar cells that are capable of converting
the solar energy into the electric energy are considered
to be the most promising, so numerous manufacturers
are now devoted to production of solar cells. Currently,
a critical problem related to solar cells is how to improve
the photoelectric conversion efficiency thereof, and any
improvement in the photoelectric conversion efficiency
of solar cells will lead to improvement in competitive edge
of the solar cell products.

[0003] FIG1isaschematicview of a conventional thin-
film solar cell. Referring to FIG 1, the thin-film solar cell
100 comprises a substrate 110, a first conductive layer
120, a first photovoltaic layer 132, a second photovoltaic
layer 134 and a second conductive layer 140. The first
photovoltaiclayer132is a photoelectric conversion struc-
ture of a p-i-n (PIN) junction design formed by an amor-
phous silicon thin film, and the second photovoltaic layer
134 is a photoelectric conversion structure of a PIN junc-
tion design formed by a microcrystalline silicon thin film.
The second photovoltaic layer 134 is stacked on the first
photovoltaic layer 132 and in electrical tandem with the
first photovoltaic layer 132 to form a tandem junction
structure. Because the first photovoltaic layer 132 formed
of the amorphous silicon thin film and the second photo-
voltaic layer 134 formed of the microcrystalline silicon
thin film can absorb light rays L within different wave-
length ranges respectively to generate a photocurrent,
the thin-film solar cell 100 can deliver a higher photoe-
lectric conversion efficiency than a thin-film solar cell (not
shown) having only a single photovoltaic layer.

[0004] Generally speaking, when a light ray L from the
outside is irradiated onto the thin-film solar cell 100, elec-
tron-hole pairs will be generated by the first photovoltaic
layer 132 and the second photovoltaic layer 134 in re-
sponse to the light ray. Under action of a built-in electric
field formed by the PIN junction, the electrons and the
holes migrate towards the first conductive layer 120 and
the second conductive layer 140 respectively to form a
photocurrent. This results in an electric energy storage
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status. Then if a load circuit or an electronic device is
externally connected across the solar cell, the electric
energy can be supplied to drive the load circuit or the
electronic device.

[0005] However, because magnitudes of the photocur-
rents generated by the first photovoltaic layer 132 and
the second photovoltaic layer 134 may vary from each
other and the first photovoltaic layer 132 and the second
photovoltaic layer 134 are in electrical tandem, the pho-
toelectric conversion efficiency of the thin-film solar cell
100 is limited by one of the first photovoltaic layer 132
and the second photovoltaic layer 134 that has a smaller
photocurrent; i.e., a there exists a current unmatching
phenomenon. Consequently, this imposes a limitation on
the photoelectric conversion efficiency of the thin-film so-
lar cell 100.

SUMMARY OF THE INVENION

[0006] In view of this, the present invention provides a
thin-film solar cell, which has improved photoelectric con-
version efficiency by making photocurrents generated by
a plurality of stacked photovoltaic layers matched with
each other.

[0007] The present invention also provides a method
for manufacturing a thin-film solar cell, with which the
aforesaid solar cell can be manufactured.

[0008] The thin-film solar cell of the present invention
comprises a substrate, a first conductive layer, a plurality
of photovoltaic layers, a second conductive layer, a first
passivation layer and a second passivation layer. The
first conductive layer is disposed on the substrate. The
plurality of photovoltaic layers is stacked on the first con-
ductive layer and in electrical tandem with each other,
wherein each of the photovoltaic layers is adapted to gen-
erate a photocurrent. The second conductive layer is dis-
posed on the photovoltaic Layers. The first passivation
layer is disposed on the second conductive layer. The
second passivation layer is disposed on the first passi-
vation layer. The first passivation layer and the second
passivation layer are used to reflect a light ray within a
wavelength range into the photovoltaic layers so as to
make the photocurrents generated by the photovoltaic
layers matched with each other.

[0009] In an embodiment of the present invention, the
wavelength range substantially ranges from the ultravi-
olet (UV) band to the infrared (IR) band.

[0010] In an embodiment of the present invention, the
wavelength range substantially ranges from 300 nm to
1100 nm.

[0011] In an embodiment of the present invention, the
first passivation layer has a refractive index different from
that of the second passivation layer.

[0012] In an embodiment of the present invention, the
first passivation layer is made of a light transmissive ma-
terial and the second passivation layer is made of a re-
flective material, and the second passivation layeris used
to reflect the light ray within the wavelength range into
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the photovoltaic layers.

[0013] In an embodiment of the present invention, the
first passivation layer has a thickness identical to that of
the second passivation layer.

[0014] In an embodiment of the present invention, the
first passivation layer has a thickness different from that
of the second passivation layer.

[0015] In an embodiment of the present invention, the
first passivation layer and the second passivation layer
are made of a dielectric material, an insulation material,
a compound comprising one of the oxygen and nitrogen
element, or a combination thereof.

[0016] In an embodiment of the present invention, the
first passivation layer and the second passivation layer
are made of silicon oxide, silicon nitride, silicon oxyni-
tride, or a combination thereof.

[0017] In an embodiment of the present invention, the
photovoltaic layers include a stack structure of a tandem
junction design, a triple junction design or having more
than three junctions.

[0018] In an embodiment of the present invention, the
photovoltaic layer is made of a group IV element semi-
conductor thin film, a group IlI-V compound semiconduc-
tor thin film, a group 1l-VlI compound semiconductor thin
film, an organic compound semiconductor thin film, or a
combination thereof.

[0019] In an embodiment of the present invention, the
group IV element semiconductor thin film comprises at
least one of a carbon element thin film, a silicon element
thin film, a germanium elemental thin film, a silicon car-
bide thin film and a germanium silicide thin film, or a com-
bination thereof in a monocrystalline phase, a polycrys-
talline phase, an amorphous phase or a microcrystalline
phase.

[0020] In an embodiment of the present invention, the
group lll-V compound semiconductor thin film comprises
at least one of a gallium arsenide (GaAs) compound thin
film and an indium gallium phosphide (InGaP) compound
thin film or a combination thereof.

[0021] In an embodiment of the present invention, the
group II-VI compound semiconductor thin film comprises
atleast one of a copper indium selenium (CIS) compound
thin film, a copper indium gallium selenium (CIGS) com-
pound thin film and a cadmium telluride (CdTe) com-
pound thin film, or a combination thereof,

[0022] In an embodiment of the present invention, the
organic compound semiconductor thin film comprises a
mixture of a conjugated polymer donor and a carbon na-
nosphere acceptor,

[0023] In an embodiment of the present invention, the
first conductive layer and the second conductive layer
are made of a transparent conductive layer.

[0024] The method for manufacturing a thin-film solar
cell comprises: providing a substrate; forming a first con-
ductive layer on the substrate; stacking a plurality of pho-
tovoltaic layers on the first conductive layer, wherein the
photovoltaic layers are in electrical tandem with each oth-
er and each of the photovoltaic layers is adapted to gen-
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erate a photocurrent; forming a second conductive layer
on the photovoltaic layers; forming a first passivation lay-
er on the second conductive layer; and forming a second
passivation layer on the first passivation layer, wherein
the first passivation layer and the second passivation lay-
er are each adapted to reflect a light ray within a wave-
length range into the photovoltaic layers so as to make
the photocurrents generated by the photovoltaic layers
matched with each other.

[0025] In an embodiment of the present invention, the
method for manufacturing a thin-film solar cell further
comprises measuring magnitudes of the photocurrents
supplied by the photovoltaic layers before forming the
first passivation layer or the second passivation layer.
[0026] In an embodiment of the present invention,
forming the first passivation layer and the second passi-
vation layer comprises performing a screen printing proc-
ess, a dry film lamination process or a coating process.
Additionally, forming the first passivation layer and the
second passivation layer further comprises performing a
curing process.

[0027] The present invention further provides a thin-
film solar cell, which comprises a substrate, a plurality of
sub-cells, a first passivation layer and a second passiva-
tion layer. The plurality of sub-cells is disposed on the
substrate, and each of the sub-cells comprises a first
conductive layer, a plurality of photovoltaic layers and a
second conductive layer. The first conductive layeris dis-
posed on the substrate. The plurality of photovoltaic lay-
ersis stacked on the firstconductive layer and in electrical
tandem with each other, Each of the photovoltaic layers
is adapted to generate a photocurrent, and the photo-
voltaic layers have an opening exposing the first conduc-
tive layer. The second conductive layer is disposed on
the photovoltaic layers and electrically connected with
the first conductive layer of an adjacent one of the sub-
cells through the opening. The first passivation layer is
disposed on the second conductive layer of each of the
sub-cells. The second passivation layer is disposed on
the first passivation layer. The first passivation layer and
the second passivation layer are used to reflect a light
ray within a wavelength range into the photovoltaic layers
so as to make the photocurrents generated by the pho-
tovoltaic layers matched with each other.

[0028] According to the above descriptions, because
the thin-film solar cell of the present invention has a first
passivation layer and a second passivation layer dis-
posed on the second conductive layer to reflect light rays
within a wavelength range, photocurrents generated by
the plurality of photovoltaic layers can be made to be
matched with each other. Thus, the photoelectric con-
version efficiency of the thin-film solar cell gets improved.
Furthermore, amethod for manufacturing a thin-film solar
cell is also disclosed in the present invention, with which
the aforesaid thin-film solar cell can be manufactured.
[0029] The detailed technology and preferred embod-
iments implemented for the subject invention are de-
scribed in the following paragraphs accompanying the
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appended drawings for people skilled in this field to well
appreciate the features of the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG 1 is a schematic view of a conventional thin-film
solar cell;

FIG 2 is a schematic view of a thin-film solar cell
according to an embodiment of the present inven-
tion;

FIGS. 3A to 3F illustrate a process of manufacturing
a thin-film solar cell according to an embodiment of
the present invention; and

FIG 4 is a schematic view of a thin-film solar cell
according to another embodiment of the present in-
vention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0031] FIG. 2 is a schematic view of a thin-film solar
cell according to an embodiment of the present invention.
Referring to FIG. 2, the thin-film solar cell 200 comprises
a substrate 210, a first conductive layer 220, a first pho-
tovoltaic layer 232, a second photovoltaic layer 234, a
second conductive layer 240, afirst passivation layer 252
and a second passivation layer 254.

[0032] The first conductive layer 220 is disposed on
the substrate 210. In this embodiment, the first conduc-
tive layer 220 is a transparent conductive layer, which
may be made of at least one of zinc oxide, tin oxide,
indium tin oxide (ITO), indium zinc oxide (I1ZO), indium
tin zinc oxide (ITZO), aluminum tin oxide (ATO), alumi-
num zinc oxide (AZO), cadmium indium oxide (ClO), cad-
mium zinc oxide (CZO), gallium zinc oxide (GZO) and tin
oxyfluoride.

[0033] The first photovoltaic layer 232 and the second
photovoltaic layer 234 are in electrical tandem with each
other and stacked on the first conductive layer 220. The
first photovoltaic layer 232 and the second photovoltaic
layer 234 are each adapted to generate a photocurrent.
In this embodiment, for example, the first photovoltaic
layer 232 is an amorphous silicon thin film, and the sec-
ond photovoltaic layer 234 is a microcrystalline silicon
thin film. In other embodiments, there may also be three
or more photovoltaic layers that form a stack structure;
and what described above is only for illustration purpose
and the presentinvention has no limitation on the number
of the photovoltaic layers in the thin-film solar cell.
[0034] In detail, the first photovoltaic layer 232 and the
second photovoltaic layer 234 may be photoelectric con-
version structures of a p-i-n (PIN) junction design, which
is comprised of a P-type semiconductor layer, an intrinsic
layer and an N-type semiconductor layer. In some em-
bodiments, the first photovoltaic layer 232 and the sec-
ond photovoltaic layer 234 may also be photoelectric con-
version structures of a p-n (PN) junction design without
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having an intrinsic layer. Alternatively, one of the first
photovoltaic layer 232 and the second photovoltaic layer
234 may be a photoelectric conversion structure of a PIN
junction design, while the other may be a photoelectric
conversion structure of a PN junction design, This may
vary depending on requirements and design of the users;
and what described above is only for illustration purpose
and the present invention is not merely limited thereto.
[0035] In this embodiment, the first photovoltaic layer
232 and the second photovoltaic layer 234 may be sem-
iconductor thin films formed of a group IV element such
as carbon, silicon or germanium, for example, at least
one of a carbon element thin film, a silicon element thin
film, a germanium element thin film, a silicon carbide thin
film and a germanium silicide thin film or a combination
thereof in a monocrystalline phase, a polycrystalline
phase, an amorphous phase or a microcrystalline phase.
In an embodiment, apart from being made of silicon thin
films, the first photovoltaic layer 232 and the second pho-
tovoltaic layer 234 may also be made of copper indium
gallium selenium (CIGS), cadmium telluride (CdTe) or a
combination thereof, in which case the thin-film solar cell
200 of thisembodiment willbecome a CIGS thin-film solar
cell or a thin-film CdTe solar cell.

[0036] In another embodiment, the first photovoltaic
layer 232 and the second photovoltaic layer 234 may
also be made of a material selected from a group llI-V
compound semiconductor thin film, a group II-VI com-
pound semiconductor thin film, an organic compound
semiconductor thin film, or a combination thereof. For
example, the group IlI-V compound semiconductor thin
film includes at least one of a gallium arsenide (GaAs)
compound thin film and an indium gallium phosphide (In-
GaP) compound thin film, or a combination thereof. The
group II-VI compound semiconductor thin film comprises
atleast one of a copper indium selenium (CIS) compound
thin film, a copper indium gallium selenium (CIGS) com-
pound thin film and a cadmium telluride (CdTe) com-
pound thin film, or a combination thereof. The organic
compound semiconductor thin film comprises a mixture
of a conjugated polymer donor and a carbon nanosphere
acceptor.

[0037] Further referring to FIG 2, the second conduc-
tive layer 240 is disposed on the first photovoltaic layer
232 and the second photovoltaic layer 234. The second
conductive layer 240 may be made of a material de-
scribed with reference to the aforesaid transparent con-
ductive layer, so no further description will be made ther-
eon herein. In this embodiment, the first conductive layer
220 and the second conductive layer 240 are, for exam-
ple, both transparent conductive layers. In another em-
bodiment not shown, the second conductive layer 240
may also be a stack formed by a reflective layer and the
aforesaid transparent conductive layer, with the reflective
layer being disposed between the transparent conduc-
tive layer and the substrate 210. The reflective layer may
be made of a metal with desirable reflectivity such as
aluminum (Al), silver (Ag), molybdenum (Mo) or copper
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(Cu). In other words, the design in terms of this may be
varied depending on different requirements of users
(e.g., depending on whether the thin-film solar cell to be
fabricated is to receive light on both surfaces or on only
a single surface), and what described above is only for
illustration purpose but is not to limit the present inven-
tion.

[0038] Inaddition, the first passivation layer 252 is dis-
posed on the second conductive layer 240, and the sec-
ond passivation layer 254 is disposed on the first passi-
vation layer 252, The first passivation layer 252 and the
second passivation layer 254 are used to reflect light rays
L within a wavelength range into the first photovoltaic
layer 232 and the second photovoltaic layer 234 so as
to make photocurrents generated by the first photovoltaic
layer 232 and the second photovoltaic layer 234 matched
with each other.

[0039] In this embodiment, the aforesaid wavelength
range may substantially range from 700 nm to the infrared
(IR) band. In other embodiments, the aforesaid wave-
length range may substantially range from 700 nm to the
ultraviolet (UV) band. The wavelength range of light rays
to be reflected by the first passivation layer 252 and the
second passivation layer 254 depends on the light ab-
sorptive wavelength range of the first photovoltaic layer
232 or the light absorptive wavelength range of the sec-
ond photovoltaic layer 234, which will be detailed here-
inafter.

[0040] In this embodiment, a design in which the first
passivation layer 252 has a refractive index different from
that of the second passivation layer 254 may be adopted
so that an effect similar to total reflection is obtained at
an interface R between the first passivation layer 252
and the second passivation layer 254 to reflect light rays
L within a desired wavelength range. More specifically,
if the first photovoltaic layer 232 is made of an amorphous
silicon and the second photovoltaic layer 234 is made of
a microcrystalline or polycrystalline silicon, then short-
wavelength portions of the light rays L (e.g., sunlight)
from the outside will mostly be absorbed by the first pho-
tovoltaic layer 232 to generate a photocurrent while long-
wavelength portions of the light rays be mostly absorbed
by the second photovoltaic layer 234 to generate a photo-
current, Generally, the photocurrent generated by the
first photovoltaic layer 232 is larger than that generated
by the second photovoltaic layer 234. However, through
the design of the first passivation layer 252 and the sec-
ond passivation layer 254 as described above, the thin-
film solar cell of this embodiment can reflect light rays L
within a wavelength range of about 700 nm to the infrared
band back into the second photovoltaic layer 234 to in-
crease the photocurrent generated by the second passi-
vation layer 254, In this way, the photocurrent generated
by the second photovoltaic layer 234 can be made to be
matched with the photocurrent generated by the first pho-
tovoltaic layer 232. Thus, the photoelectric conversion
efficiency of the thin-film solar cell 200 as a whole gets
improved.
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[0041] Conversely, in other embodiments, if the photo-
current generated by the first photovoltaic layer 232 is
smaller than that generated by the second photovoltaic
layer 234, then light rays L within a wavelength range
from about 700 nm to the UV band can be reflected back
into the first photovoltaic layer 232 to achieve the same
objectives and functionalities as described above.
[0042] Additionally, in this embodiment, the first pas-
sivation layer 252 has a thickness identical to that of the
second passivation layer 254. However, in other embod-
iments, the first passivation layer 252 may also have a
thickness different from that of the second passivation
layer 254, Particularly, those of ordinary skill in the art
may adjust the thicknesses of the first passivation layer
252 and the second passivation layer 254 depending on
practical requirements so as to further improve the cur-
rent matching effect.

[0043] In another embodiment, the first passivation
layer 252 may be made of a light transmissive material
and the second passivation layer 254 may be made of a
reflective material straightforwardly. The reflective mate-
rial of the second passivation layer 254 is mainly intended
to reflect the light rays L within the aforesaid wavelength
range into the first photovoltaic layer 232 or the second
photovoltaic layer 234. In other words, besides the way
of utilizing the interface R between two passivation layers
of different refractive indices to reflect the light rays L, an
externally applied reflective material may be directly used
to reflect the light rays L.

[0044] In this embodiment, the first passivation layer
252 and the second passivation layer 254 may be made
of a dielectric material, an insulation material, a com-
pound comprising one of the oxygen and nitrogen ele-
ment, or a combination thereof. For example, the first
passivation layer 252 and the second passivation layer
254 may be made of silicon oxide, silicon nitrogen, silicon
oxynitride, or a combination thereof; this may vary de-
pending on requirements and design of users, and what
described above is only for purpose of illustration but is
not to limit the present invention.

[0045] Hereinbelow, a method for manufacturing the
thin-film solar cell 200 will be described.

[0046] FIGs. 3A to 3F illustrate a process of manufac-
turing a thin-film solar cell according to an embodiment
of the present invention. Firstly, referring to FIG. 3A, a
substrate 210 is provided. The substrate 210 is, for ex-
ample, a glass substrate.

[0047] Then, referring to FIG. 3B, a first conductive
layer 220 is formed on the substrate 210. In this embod-
iment, the first conductive layer 220 may be made of the
material described with reference to the aforesaid trans-
parent conductive layer and formed through, forexample,
a sputtering process, a metal organic chemical vapor
deposition (MOCVD) process or an evaporation process.
[0048] Next, referring to FIG. 3C, a first photovoltaic
layer 232 and a second photovoltaic layer 234 are
stacked on the first conductive layer 220. The first pho-
tovoltaic layer 232 and the second photovoltaic layer 234
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are each adapted to generate a photocurrent and are in
electrical tandem with each other. In this embodiment,
the first photovoltaic layer 232 and the second photo-
voltaic layer 234 may be formed through, for example, a
radio frequency plasma enhanced chemical vapor dep-
osition (RF PECVD) process, a very high frequency plas-
ma enhanced chemical vapor deposition (VHF PECVD)
process or a microwave plasma enhanced chemical va-
por deposition (MW PECVD) process. Deposition thick-
nesses of the first photovoltaic layer 232 and the second
photovoltaic layer 234 may be determined depending on
requirements of users,

[0049] Subsequently, referring to FIG. 3D, a second
conductive layer 240 is formed on the first photovoltaic
layer 232 and the second photovoltaic layer 234. In this
embodiment, the second conductive layer 240 may be
formed through, for example, the sputtering process, the
MOCVD process or the evaporation process described
above, and is made of, for example, the transparent con-
ductive layer described above. Hence, no further descrip-
tion will be made thereon herein.

[0050] Afterwards, referring to FIG 3E, a first passiva-
tion layer 252 is formed on the second conductive layer
240. In this embodiment, the first passivation layer 252
may be formed by, for example, performing a screen
printing process, a dry film lamination process or a coat-
ing process and then optionally performing a curing proc-
ess.

[0051] Finally, referring to FIG 3F, a second passiva-
tion layer 254 is formed on the first passivation layer 252.
In this embodiment, the second passivation layer 254 is
formed in a way similar to that of the first passivation
layer 252, i.e., by firstly performing a screen printing proc-
ess, a dry film lamination process or a coating process
and then optionally performing a curing process. Thus,
the method for manufacturing the thin-film solar cell 200
shown in FIG 2 is completed.

[0052] Itshall be particularly noted that, before forming
the first passivation layer 252 or the second passivation
layer 254, this embodiment further comprises measuring
magnitudes of the photocurrents supplied by the first pho-
tovoltaiclayer 232 and the second photovoltaic layer 234.
For example, before forming the first passivation layer
252, magnitudes of two photocurrents supplied by the
first photovoltaic layer 232 and the second photovoltaic
layer 234 are measured at first. Then if the photocurrent
generated by the second photovoltaiclayer234 is smaller
than that generated by the first photovoltaic layer 232, a
wavelength range of light rays L that can be reflected by
the first passivation layer 252 and the second passivation
layer 254 may be adjusted in such a way that the light
rays L adapted to be absorbed by the second photovolta-
ic layer 234 is reflected into the second photovoltaic layer
234. On the other hand, if the photocurrent generated by
the first photovoltaic layer 232 is smaller than that gen-
erated by the second photovoltaic layer 234, the wave-
length range of light rays L that can be reflected by the
first passivation layer 252 and the second passivation
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layer 254 may be adjusted in such a way that the light
rays L adapted to be absorbed by the first photovoltaic
layer 232 is reflected into the first photovoltaic layer 232.
Thus, by appropriately increasing the photocurrent gen-
erated by the first photovoltaic layer 232, the photocur-
rents generated by the first photovoltaic layer 232 and
the second photovoltaic layer 234 can be made to be
matched with each other.

[0053] The aforesaid manufacturing methodis only de-
scribed as an example, and in other possible embodi-
ments, a thin-film solar cell having three or more photo-
voltaic layers may also be manufactured through a man-
ufacturing method similar to what described above.
[0054] FIG 4 is a schematic view of a thin-film solar
cell according to another embodiment of the present in-
vention. Referring to FIG 4, the thin-film solar cell 300
comprises a substrate 310, a plurality of sub-cells 302,
a first passivation layer 352 and a second passivation
layer 354. The sub-cells 302 are disposed on the sub-
strate 310. Each of the sub-cells 302 comprises a first
conductive layer 320, a first photovoltaic layer 332, a sec-
ond photovoltaic layer 334 and a second conductive layer
340.

[0055] The first conductive layer 320 is disposed on
the substrate 310. The first photovoltaic layer 332 and
the second photovoltaic layer 334 are stacked on the first
conductive layer 320 and are in electrical tandem with
each other. Each of the first photovoltaic layer 332 and
the second photovoltaic layer 334 is adapted to generate
a photocurrent and has an opening H exposing the first
conductive layer 320. The second conductive layer 340
is disposed on the first photovoltaic layer 332 and the
second photovoltaic layer 334, and is electrically con-
nected with the first conductive layer 320 of an adjacent
sub-cell 302 through the opening H.

[0056] The first passivation layer 352 is disposed on
the second conductive layer 340 of each of the sub-cells
302. The second passivation layer 354 is disposed on
the first passivaiton layer 352. The first passivation layer
352 and the second passivation layer 354 are used to
reflect light rays L within a wavelength range into the first
photovoltaic layer 332 and the second photovoltaic layer
334 so that the photocurrents generated by the first pho-
tovoltaic layer 332 and the second photovoltaic layer 334
are matched with each other.

[0057] In this embodiment, the thin-film solar cell 300
is of a solar cell structure comprised of a plurality of sub-
cells 302 in electrical tandem with each other. Because
thefirst passivation layer 352 and the second passivation
layer 354 of the thin-film solar cell 300 are substantially
identical to the first passivation layer 252 and the second
passivation layer 254 of the thin-film solar cell 200, the
thin-film solar cell 300 can also achieve the same objec-
tives and functionalities as the thin-film solar cell 200.
[0058] According to the above descriptions, the thin-
film solar cell of the present invention has the first and
the second passivation layers disposed on the plurality
of photovoltaic layers, so when photocurrents generated
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by the plurality of photovoltaic layers have different mag-
nitudes, light rays within a specific wavelength range may
be reflected by the first passivation and the second pas-
sivation layers into the plurality of photovoltaic layers to
make the photocurrents matched with each other. In oth-
er words, the thin-film solar cell of the present invention
can present an improved photoelectric conversion effi-
ciency. In addition, the method for manufacturing a thin-
film solar cell of the present invention can form the two
passivation layers in the thin-film solar cell through a sim-
plified process, thereby improving the performance of the
resulting solar cell.

[0059] The above disclosure is related to the detailed
technical contents and inventive features thereof. People
skilled in this field may proceed with a variety of modifi-
cations and replacements based on the disclosures and
suggestions of the invention as described without depart-
ing from the characteristics thereof. Nevertheless, al-
though such modifications and replacements are not fully
disclosed in the above descriptions, they have substan-
tially been covered in the following claims as appended.

Claims
1. A thin-film solar cell, comprising:

a substrate;

a first conductive layer disposed on the sub-
strate;

a plurality of photovoltaic layers stacked on the
first conductive layer and in electrical

tandem with each other, wherein each of the
photovoltaic layers is adapted to generate a
photocurrent;

a second conductive layer disposed on the pho-
tovoltaic layers;

a first passivation layer disposed on the second
conductive layer; and

a second passivation layer disposed on the first
passivation layer,

wherein the first passivation layer and the second
passivation layer are used to reflect a

light ray within a wavelength range into the photo-
voltaic layers so as to make the photocurrents gen-
erated by the photovoltaic layers matched with each
other.

2. Thethin-film solar cell as claimed in claim 1, wherein
the wavelength range substantially ranges from the
ultraviolet (UV) band to the infrared (IR) band.

3. Thethin-film solar cell as claimed in claim 1, wherein
the wavelength range substantially ranges from 300

nm to 1100 nm.

4. The thin-film solar cell as claimed in claim 1, wherein
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10.

the first passivation layer has a refractive index dif-
ferent from that of the second passivation layer.

The thin-film solar cell as claimed in claim 1, wherein
the first passivation layer is made of a light transmis-
sive material and the second passivation layer is
made of a reflective material, and the second passi-
vation layer is used to reflect the light ray within the
wavelength range into the photovoltaic layers.

The thin-film solar cell as claimed in claim 1, wherein
the first passivation layer has a thickness identical
to that of the second passivation layer.

The thin-film solar cell as claimed in claim 1, wherein
the first passivation layer has a thickness different
from that of the second passivation layer.

The thin-film solar cell as claimed in claim 1, wherein
the first passivation layer and the second passivation
layer are made of a dielectric material, an insulation
material, a compound comprising one of the oxygen
and nitrogen element, or a combination thereof,
wherein the compound are selected from a group
consisting of oxide, silicon nitride, silicon oxynitride,
or a combination thereof.

The thin-film solar cell as claimed in claim 1, wherein
the photovoltaic layers include a stack structure of a
tandem junction design, a triple junction design or
having more than three junctions, and the photo-
voltaic layer is made of a group IV element semicon-
ductor thin film, a group I1I-V compound semicon-
ductor thin film, a group II-VlI compound semicon-
ductor thin film, an organic compound semiconduc-
tor thin film, or a combination thereof, wherein the
group IV element semiconductor thin film comprises
at least one of a carbon element thin film, a silicon
element thin film, a germanium elemental thin film,
a silicon carbide thin film and a germanium silicide
thin film or a combination thereofin a monocrystalline
phase, a polycrystalline phase, an amorphous phase
or a microcrystalline phase, the group IlI-V com-
pound semiconductor thin film comprises at least
one of a gallium arsenide (GaAs) compound thin film
and anindium gallium phosphide (InGaP) compound
thin film, or a combination thereof, and the group II-
VI compound semiconductor thin film comprises at
least one of a copper indium selenium (CIS) com-
pound thin film, a copper indium gallium selenium
(CIGS) compound thin film and a cadmium telluride
(CdTe) compound thin film, or a combination thereof,

The thin-film solar cell as claimed in claim 9, wherein
the organic compound semiconductor thin film com-
prises a mixture of a conjugated polymer donor and
a carbon nanosphere acceptor.
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The thin-film solar cell as claimed in claim 1, wherein
the first conductive layer and the second conductive
layer are made of a transparent conductive layer.

A method for manufacturing a thin-film solar cell,
comprising:

providing a substrate;

forming afirst conductive layer on the substrate;
stacking a plurality of photovoltaic layers on the
first conductive layer, wherein the

photovoltaic layers are in electrical tandem with
each other and each of the photovoltaic layers
is adapted to generate a photocurrent;

forming a second conductive layer on the pho-
tovoltaic layers;

forming a first passivation layer on the second
conductive layer; and

forming a second passivation layer on the first
passivation layer, wherein the first

passivation layer and the second passivation
layer are each adapted toreflect a light ray within
a wavelength range into the photovoltaic layers
so as to make the photocurrents generated by
the photovoltaic layers matched with each other.

The method for manufacturing a thin-film solar cell
as claimed in claim 12, further comprising measuring
magnitudes of the photocurrents supplied by the
photovoltaic layers before forming the first passiva-
tion layer or the second passivation layer.

The method for manufacturing a thin-film solar cell
as claimed in claim 12, wherein forming the first pas-
sivation layer and the second passivation layer com-
prises performing a screen printing process, a dry
film lamination process or a coating process, and
performing a curing process,

Athin-film solar cell, comprising:

a substrate;

aplurality of sub-cells disposed on the substrate,
wherein each of the sub-cells

comprises:

afirst conductive layer disposed on the sub-
strate;

a plurality of photovoltaic layers stacked on
the first conductive layer and in

electrical tandem with each other, wherein
each of the photovoltaic layers is adapted
to generate a photocurrent, and the photo-
voltaic layers have an opening exposing the
first conductive layer;

a second conductive layer disposed on the
photovoltaic layers and electrically
connected with the first conductive layer of
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an adjacent one of the sub-cells through the
opening;

a first passivation layer disposed on the second
conductive layer of each of the sub-cells;

and

a second passivation layer disposed on the first
passivation layer,

wherein the first passivation layer and the second
passivation layer are used to reflect a

light ray within a wavelength range into the photo-
voltaic layers so as to make the photocurrents gen-
erated by the photovoltaic layers matched with each
other.
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